Understanding and exploiting the future value of existing buildings is an opportunity for property owners, developers and designers to be sustainable and offer advantages rather than burdens to successive users. However, although several assessment methods have been studied to quantify the future value of buildings, more cases are needed to illustrate their usefulness. Commissioned by the Vrije Universiteit Brussel's administration we studied the feasibility of the transformation of 352 student residences that have become obsolete. In order to compose a thorough advice, architectural explorations and life cycle assessments have been conducted. This paper reports on the result of Life Cycle Costing on this case in particular. Through Life Cycle Costing, the initial costs of distinct transformation strategies, conventional as well as adaptable, were put in a long term perspective. By combining assessments at element and building level, it was possible to detect the particular value of the residences' load bearing structure and the conditions under which adaptable building can increase that value. These findings allowed us to formulate straightforward advises in an early project stage. They are useful to both the university's administration and the architectural designers that will be commissioned. Nevertheless, in this paper we also express the technical and methodological optimization that is necessary.
Introduction

Future value of spaces, buildings and our built environment
As in many other disciplines sustainability is a hot topic in real estate and construction practice. Energy performance and resource efficiency are measures that got a lot of attention last decades. They all contribute to the slowdown of the depletion of Earth's natural resources and of its pollution. This way, resources can be secured for the future generations. However, understanding and exploiting the value of existing buildings is another opportunity to offer advantages rather than burdens to future generations.
Understanding the value of spaces, buildings and our built environment allows property owners, developers and designers to exploit and even increase that value. Inspiring examples are versatile spaces that can be occupied at low vacancy rates and pop-up stores or co-working spaces taking advantage of existing facilities. However, in the context of sustainability, 'value' is not just the market value of an asset: the options an asset offers in the mid and long term constitute its real advantage for future users (Fawcett 2011) . Can a building keep up with rising standards, can it house new ways of living or working, and can it be adapted to the specific organization structure of a new tenant? Only under the condition that such needs can be answered, the future value of an asset is guaranteed.
In research, several methodologies have been studied to quantify future options in the built environment, for example Option Pricing and Life Cycle Costing. However, few cases are available in practice or in literature. In order to illustrate the usefulness and convenience of the Life Cycle Costing assessment methodology (LCC) this paper reports on a particular case we studied: the transformation of 352 student residences at the Vrije Universiteit Brussel. Within this case the future 'value' of conventional and adaptable transformation strategies has been compared. In this study LCC, reflecting costs and savings during an asset's whole life cycle, has been selected because it is particularly powerful for valuing future oriented design strategies (Cole & Sterner 2000) .
Historical and architectural context of the case
Located in Belgium's capital, the Vrije Universiteit Brussel its campus Etterbeek accommodates 352 student residences (Figure 1 ). Being an application of the Swiss modular construction system Variel by the modernist architect Willy Van Der Meeren, the residences are a renowned example of the flexible and industrialized architecture of the seventies. Today, the Vrije Universiteit Brussel anticipates her expansion by redeveloping parts of its campus. This includes the construction of over 25.000m² new research, education and housing facilities. Consequently, as the residences are no longer in accordance with current regulations and comfort standards, they have become obsolete and are threat by demolition. A question however arises: is such a demolition with waste production and related hinder in accordance with the sustainability the university aspires? Possibly it is not. As the university's administration has the ambition to be sustainable and understands the residences' historical value at the same time, she is willing to transform and reuse rather than demolish them. The hypothesis is that through the reuse of the existing residences, future investments can be avoided. However, the university's administration needed insight in the validity of that hypothesis and in the feasibility of such a transformation.
Research method and outcomes
Taking a life cycle perspective
On demand of the university's administration our research team conducted a holistic feasibility study. This included Life Cycle Environmental assessments (LCA) and Life Cycle Costing assessments (LCC) imbedded in urban, architectural and technical explorations. Those explorations focus on the current needs and expectations. Meanwhile, life cycle assessments take into consideration all significant and relevant impacts during the whole life cycle of the building. The latter assessments were our main tools to provide insight in the long term impact and value of today's transformation. This paper reports on LCC only, reflecting the financial impact of the different options under discussion. The impact categories that are considered are labor, components and tools, including transport and overhead. VAT and designers' fees are not included, neither any advantage nor disadvantage of project scale, mass production or prefabrication. The assessment method that is used in this study is adapted from research projects like SUFIQUAD (KU Leuven et al. 2011 ) and relies on international norms and standards, in particular Life Cycle Assessment (CEN 2006) , Life Cycle Costing (CEN 2008) and Environmental Product Declarations (CEN 2012) . From the latter we adopted the life cycle stages of a building, including manufacturing (stages A1-3), construction (stages A4-5), maintenance (stage B2), reparations (stage B3), replacements (stage B4), refurbishments (stage B5) and the building's final deconstruction (stages C1-4). In addition to what the standards provide a stage A0 is introduced: the stripping or demolition of the existing residences in preparation of their renovation or replacement. Considering each of these stages will allow us to interpret unmistakably the variance in the initial and life cycle costs of each of the assessed options.
Bearing in mind our goal to investigate the feasibility of future oriented design strategies, several features of the framework of norms and literature on LCC have been emphasized as significantly important by Debacker (2009) and Paduart (2012) in their doctoral theses. Concerning this case study of Van Der Meeren's student residences one feature has been adopted in particular: the evaluation of different refurbishment scenarios. This approach is inherited from the Scenario Planning Project Management Strategy as presented by Brand (1995) and discussed by Courtney (2010) . The technical and functional refurbishments scenario's that are considered in this study are:
Technical upgrades, refurbishing finishing layers never (min.), every 15 (avg.) or 10 years (high), Space repartitioning, moving the space dividing walls never (min.), every 15 (avg.) or 10 years (high), and Unit repartitioning, moving function dividing walls never (min.), every 30 (avg.) or 20 years (high).
Parameters are determining input values for the life cycle model (Davis Langdon Management Consulting 2007).
A general growth rate of 0,7% and a discount rate of 4% are applied, projecting costs to their present value and taking account of risk aversion and the endowment effect. The period of analysis is no real parameter here; it is logically derived from the expected service life of the concrete load bearing frames (120 years) minus their current age (42 years) resulting in 78 remaining years. However, as it is impossible to predict the future, sensitivity analyses are an essential part of a life cycle assessment that considers future oriented design strategies. Sensitivity analyses are conducted in this case on both the growth and discount rate. Additionally, the expected service life of the existing frames is just a mean value, so also a sensitivity analysis on the period of analysis has been conducted. Those analyses showed that the final consultations and advises remain valid within a -50 and +50 percent interval for each parameter. Additional sensitivity analyses on the service life of other elements would be useful as well (Paduart 2012 ), but could not be completed within the extent of this case study.
Developing transformation strategies
Although several design options can be combined in one project, it is useful to think about distinct strategies first. From our technical explorations we concluded that only the concrete frames can be preserved: interior fit-out has reached its end-of-life and exterior cladding is polluted with asbestos and needs to be removed (BIM 2014) . The way the frames are redressed will however strongly affect the visual expression of the residences' industrialized architecture. For that reason two strategies are compared. First, a renovation with interior insulation is considered: the new façade is placed within the frames as it is today. This way the frames remain visible from the outside. Second, a renovation with exterior insulation is considered: wrapping the frames, but protecting them from further degradation. In addition to these two renovation strategies, new construction with interior and exterior insulation is considered as well. In these new construction strategies the concrete frames are rebuilt too. This will allow us to express the advantage of a renovation compared to rebuilding the useful space of the residences.
Additionally, in order to increase the future value of the existing residences the design approach 'Design for Change' is considered. Design for Change fosters future transformations and allows buildings to be refurbished efficiently and adapted effectively to meet changing users' demands or standards. Design for Change comes with adaptable building components. Those components can be disassembled and remounted at every refurbishment. This reuse influences positively the total life cycle impact. If not adaptable, components have to be demolished and reconstructed with corresponding costs. Consequently, a designer can rank his options differently when having more insight in the life cycle impact of each component. An extended overview of relevant qualitative criteria and design guidelines for 'Design for Change' is developed in the context of the Gandhi Neighborhood case study (VUB et al. 2013 ) and the Flemish policy framework on Design for Change (VITO et al. 2015) .
Comparing just components is however far from correct. Each of them comes with different layers underneath to give it the proper support, level and performance considering thermal, acoustics and other criteria. Therefore, different components are combined to building elements. Those whole packages meet the criteria that are formulated in regional standards and norms. Only if each element complies with the same standards, we can compare them objectively. In this case 38 building elements have been developed, modelled and analyzed: floors with groundwork, exterior walls with windows, space and function dividing walls, and roofs with suspended ceiling; each conventional and adaptable, as well as with exterior and interior insulation, and for renovation and new construction. For this 96 different components and construction activities have been used. As an example, a conventional and an adaptable floor element for a renovation with interior insulation are presented in Figures 2a and b . Fig. 2 . In contrast to the conventional floor element (Fig. a. above) , the components of the adaptable floor element (Fig. b. below) can be can be disassembled and reused at every refurbishment, saving new components and associated costs during the buildings' life cycle.
Performing Life Cycle Costing calculations
Like each building element is a combination of components, Life Cycle Costing calculations depart from the component level as well. Each component that is used contributes to the initial costs, has to be maintained, replaced, transformed and disposed at the end of its reference service life or at the end of the asset's life cycle. The data that is needed is thus double. First, prices are taken from a database that includes average contractors' prices in Belgium (ASPEN 2014) . Second, the rates of replacements, repairs and maintenance are given by studies on the reference service life of components by SBR (2011). Additionally, we have to take account of the fact that building elements behave differently than single component: the interaction of components determines their frequency of maintenance, reparations and replacements. Therefore some 'rules' are formulated indicating when exactly a component is maintained, repaired and replaced, for example: a component is only replaced if it has reached its reference service life as well as all components situated more to the surface of the building element are replaced. These rules bring our model in accordance with truthful life cycles of buildings.
Considering distinct life cycle scenarios, various transformations strategies as well as building components' interactions, there are multiple ways to present the outcomes of the Life Cycle Costing calculations. However, taking into account we had to provide insight into the feasibility of a transformation of the student residences, the different transformation strategies are compared at element and at building level. Additionally, providing the share of each life cycle stage will allows us to understand the variance in the costs of each strategy.
First, the initial cost (IC) and life cycle cost (LCC) is presented for each building element separately. In Table 1 
Interior insulation Exterior insulation
Interior insulation Exterior insulation replacements is considered; i.e. refurbishing finishing layers and moving the space dividing walls every 15 years, and moving function dividing walls every 30 years.
Comparing the interior and exterior insulation strategies shows differences in initial costs and life cycle cost for the exterior walls only. One square meter of exterior wall with internal insulation is more expensive since the load bearing structure needs particular protection against further degradation in case of renovation or since more load bearing columns are needed relatively to the wall's surface in case of new construction. The differences in the location of insulation within an element are not noticeable in its costs.
The life cycle cost of conventional versus adaptable building elements is largely dependent on the element that is considered. However, the benefit to realize an adaptable element is almost independent from the strategy that would be selected. Elements that are refurbished the most often, like interior walls, have a higher initial cost but a lower life cycle cost. Noticeably, this is due to the reuse of adaptable components during refurbishments. Adaptable façades and floors do not bring advantages even if their finishing has to be refurbished every 15 years: the labor costs for disassembling and remounting do not compensate the saving by the reuse of components that already have high rates of replacement. The adaptable roof has a lower initial cost which is reflected in a lower life cycle cost.
From the results we can also see that new construction strategies are more expensive compared to renovation strategies. This is true for all building elements except for the interior walls. This higher investment can be explained by the additional load bearing structure that has to be realized in case of new construction and is traceable in the initial cost (IC) as well as in the life cycle cost (LCC).
Second, the initial cost (IC) and life cycle cost (LCC) is calculated strategy by strategy at building level ( with offices and a restaurant (Figure 3 ). Based on an abstract design, the net floor surface of the transformed cluster is 444 square meters. At this level the transformation strategies can be compared more correctly, not only for the reason that each strategy needs different elements but because each requires different amounts of elements as well. At the building level also the stripping for renovation and demolition for new construction is taken into account. In contrast to our findings at element level, the exterior insulation strategy has a higher initial and life cycle cost compared to the interior insulation strategy, both for renovation and new construction. This is due to the additional elements that are needed to wrap the existing frames compared to inserting new elements within their contours.
The savings of realizing the information hub with adaptable instead of conventional building elements depend on the examined refurbishment scenario. For each strategy the initial cost of an adaptable realization is higher compared to a conventional one: the additional investment varies between +0.8 and +9.8 percent. For the scenario in which no refurbishments occur, the life cycle cost turns out to be highest if designed for change. The more refurbishments occur the clearer the advantage of adaptable building elements: the differences vary between +2.8 and -0.9 percent when an average number of refurbishment are supposed, and only savings varying between -3.2 and -5.6 percent are noticed when the scenario with a high number of refurbishments is examined.
Finally, the difference between renovation and new construction at element level are directly reflected at building level: new construction is more expensive compared to renovation. Furthermore, given the financial impact of each life cycle stage of both strategies in Table 3 , stripping the modules from their fit-out in case of a renovation has financially a lower impact compared to demolishing the concrete frames and groundwork in case of a new construction (stage A0). This enforces the preference for a renovation. In conclusion, if we look more into detail we can see the particular 'value' of the existing residences: they offer durable load bearing frames and a light-weight fit-out favoring stripping and renovation to demolishing and new construction. Nevertheless, we should keep in mind that other life cycle stages such as maintenance (stage B2), reparations (stage B3), replacements (stage B4) and refurbishments (stage B5) are not unimportant compared to the initial investment (A0 and A1-5) even if discounted at 4 percent each year. In case of an adaptable renovation, all B-stages together are responsible for 32 percent of the total life cycle cost without refurbishments and for 45 percent at a high number of refurbishments. Renovation* New construction* Fig. 3 .The amounts of each building element necessary to realize the transformation of a cluster of residences into an information hub with offices and a restaurant have been generated by using a digital Building Information Model.
Advise, discussion and conclusions
As our final goal was to advise the university's administration on both the financial and ecological feasibility of a transformation of the student residences compared to their demolition, project priorities as well as essential design impacts have been formulated in our final report. The Life Cycle Costing assessments presented in this paper resulted in three partial advises that were reported:
A renovation is favored to new construction of the same information hub because stripping one frame is cheaper than demolishing it and no new load bearing structure would have to be realized. An interior insulation strategy is preferred as it has a lower initial and life cycle cost compared to the exterior insulation strategy. Fewer amounts are used and the visual expression of the architecture can be preserved. A 'Design for Change' should be applied well-targeted since the higher initial cost and low return when no refurbishments are executed could undo the savings of reuse during the building's life cycle.
For the reason that 'Design for change' is financially not generally better, several optimizations are needed to further exploit its feasibility. The building elements that do not bring financial savings in any scenario should be reviewed so that their initial cost becomes competitive with their conventional alternative and their life cycle cost can be lowered. Otherwise, it is possible to select which elements to build adaptably and which conventionally in order to obtain a better result at building level.
In addition to an optimization at element and building level, the assessment methodology should be further refined. Savings from 'Design for Change' others than reuse of components during refurbishments are not considered in this case study. However, fundamental and applied research are taking steps forward, including residual value and recycling outside the project boundaries (Paduart 2012) , as well as probabilistic and environmentintegrated approaches (Kirkham et al. 2004; Kroepelien & Eek 2013) .
Nevertheless, this paper shows that it is possible and meaningful to conduct Life Cycle Costing in early project stages. Based on a preliminary architectural design and the development of a series of building elements the differences in initial and life cycle cost of distinct transformation strategies could be calculated. By combining assessments at element and building level the results reflected insightfully the 'value' of the existing building, in particular the typology of its load bearing structure. Moreover, the assessments expressed under which conditions 'Design for Change' can increase the assets' future value.
